Now that something is beginning to be known about the functions of the individual serum proteins there is need of a simple and satisfactory way of estimating their concentrations in normal and pathological conditions. It is difficult to do this by physico-chemical methods since serum is a mixture of so many different components. Methods such as electrophoresis distinguish about five main groups, while a more delicate method like the "immunoelectrophoresis" of Grabar and Williams (1953) can demonstrate numerous further components both in the a-and /3-globulin groups. Complete purification of one such component by ordinary chemical means is hardly possible for routine estimation, but advantage can be taken either of chemical groupings which may be sufficiently specific to be estimated individually, for example, porphyrin or copper, or of the immunological specificity of antibodies, as in the Grabar-Williams method mentioned above. Antibodies are of course extremely precise in their discrimination, but it is hard to make immunological estimations both quantitative and simple. Measurement by the micro-Kjeldahl technique of precipitated antibody-nitrogen is extremely sensitive and accurate when properly carried out, but the antigen must be genuinely pure, and the method is slow and laborious. New gel-diffusion methods discussed by Augustin (1955) show promise, but are all somewhat difficult for routine use and, moreover, demand initially a fairly precise idea of the protein concentration to be measured. By the simplified serological methods described in this paper it is possible to decide within 24 hours whether the concentration of a given protein in the serum under test is within normal limits, and, if it is deficient, to give an estimate of its concentration to within about 25% each way. The only difficulty of this type of estimation is that of producing the antiserum in the first place, since it is desirable to use a purified or semi-purified preparation for immunization. Although antisera produced by immunization with even apparently pure preparations of proteins nearly always show the presence of antibodies against contaminants, it is nevertheless usually possible when one of the gel-diffusion methods is used, by which a given " line " can be correlated with the presence of a particular protein, to demonstrate with certainty a single antibody component reacting with the protein under investigation.
Methods and Materials
Antisera.-The following are required: Gamma Globulin.-The antiserum against the -/-globulin was raised by the injection of purified y-globulin (Lister Institute, kindly supplied by Dr. W. d'A. Maycock) into crossbred Copenhagen rabbits. The course of immunization used, which was successful in producing a strong antiserum, began with intradermal injections of 0.1 ml. of concentrated y-globulin (10%). These were continued until a well-marked Arthus reaction was induced. When this reaction was at its height a course of thrice-weekly intravenous injection3 with alum-precipitated y-globulin (protein concentration 0.15°00) was given (Kabat and Mayer, 1948 : the antiserum appears quite specific. To obtain these pictures the reactions in agar were stained with chlorazol black, mounted on glass, dried, and printed direct.
Coeriiloplaswtiiti. The serum against coeruloplasmin was raised against a preparation suppiied through the courtesv of Professor Schultze. of Marburg. to whom my thanks are due. This was precipitated with alum according to the previously mentioned technique and injected intravenously into four rabbits. Only one animal responded satisfactorily to the first course, but this supplied an antiserum which was quite sufficient for a number of quantitative estimations, although it did not contain a large amount of precipitable antibody: a second course produced a rather better seruin (Fig. Ib) .
Siderophlilini (/3-Metal-cat-rrying Globdlin).-This antiserum was also raised against preparations kindl\ supplied through the courtesy of Professor Schultze. of Marburg. The animals were first given two subcutaneous injections of an emulsion of the antigen (5On) prepared according to Freund's adjuvant method (Kabat and Mayer, 1948) . This was followed by a short intravenous course with an alum-precipitated antigen prepared in a similar manner to that previously described. A satisfactory serum was raised by these means in a matter of six weeks (Fig. Ic) .
The lines formed by this antiserum were not quite so precise as those formed with the two previous ones. possibly owing to the fact that it was prepared as the result of so short a course of immunization.
Estimation
These methods were devised initially for the routine estimation of sera from cases suspected of hypogammaglobulinaemia, and for the control of ,he treatment of such cases with --globulin.
The critical level of y-globulin in the serum required for i normal" resistance to infection is 0.1 5 to 0.20 g.'0., (Janeway et al., 1953 Grabar and Burtin (1955) . As with coeruloplasmin, siderophilin can be measured by its metal content when saturated with iron; however, measurement of the protein per se by the serological method (Fig. 5) gives an independent estimate of the ironcarrying capacity of the plasma and in this and other ways may be of value. The general method described here can clearly be applied to any protein whose line in an agardiffusion test can be recognized with certainty and distinct from contaminants. Moreover, its specificity combined with extreme sensitivity allow of its application to other materials than serum. Its use in the analysis of proteins in small amounts in urine is under investigation. Summary A general method is described for the rapid serological estimation of individual proteins in whole human sera with an accuracy of about 50%. This method may be made to cover a very wide range of concentrations. Results are given of estimations of y-globulin, coeruloplasmin, and siderophilin (/3-metal-carrying globulin).
The method involves the comparison in agardiffusion tests of the pattern of precipitation of the unknown serum, against different concentrations of antiserum, with the patterns formed by standard preparations of the antigen to be estimated, or by normal serum.
